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SUMMARY
An experimentalinvestigationhasbeenmade“ofsomeeffectsof
variationsin severalparameters,includingfluiddensity,onthe
fluttercharacteristicsoflightuniformcantileverwings.Theassort-
mentofwingstestedcovereda varietyof~sitionsoftheelasticaxis
andcentero?gravityandvaluesoftheaspectratioof8, 6,andh.
Therelative-densityRrameter l/w(where K isrepresentativeof the
ratioof fluiddensitytowingmass)wasvariedovera rangeofvalue’s
from1.2tonearly14. Specialemphasishasbeenplacedonthelower
values.
Theexperimentalinvestigationhasbeensupplementedby ananalyti-
calinvestigationbasedonthetwo-dimensionalaerodynamictheoryfor
incompressibleflow. Iha fewinstancescorrectionsfortheeffectsof”
finitespanhavebeenmade. b general,thetheoreticalresultsfollowed
thetrendsindicatedby e~riment exceptat verylowvaluesofthe
>
relative-densityparameter(l/@’ lessthan3 . Fortheselowvalues
theanalyticalconsiderationsemployedindicaeda freedomfromflutter
notfoundexperimentally.At highervalue6of l/fi theflutter-sp?ed
coefficientis shownto decreasewithdecreasingvaluesof 1~~ and
tobenearlyproportionalto theinverseofthesquarerootoftheair
density.
INTRODUCTION
Thetrendtowardflightofairplanesat highspedsandhighalti-
tudeshasgivenincreased-significancetothefioblemoftheeffectsof
I@chnumberandvariations,indensityonwingfluttercharacteristics.
Experimentalndtheoreticalinvestigationsoftheproblemhavebeen
made,forexample,inreferences1 and2. Thepresentinvestigationis
intendedtomakefurthercontributionstothesubject.
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tireference1 theresultsofan experimentalinvestigationfthe
effectsofvariationsinfluiddensityarepresented.Theflutterdata
areshownas a functionofa relative-densityparameterl/~, where
K istheratioofthemassofa cylinderofthesurroundingfluidwith
diameterequalto thechordofthewtigto themassofthewing. Two
fairlyheavywings(withvaluesof l/@ greaterthan9)weretested
overa rangeofl@chnumbersanddensity.Aftersomesimplemodifica-
tionsfortheeffectsof compressibilityandwavelength,thedynamic
pressureat flutterwasshuwntobenearlyconstantoverthefullrange
ofdensitiestested.
A prt oftheworkpresentedinreference2 dealswiththetheo-
reticaleffectsofvariationsindensity.Considerablyighterwings
(valuesof l/@_ from3 to5) thanthosetreatedinreference1 were
includedinthestudy.At thehighervaluesoftherelative-density
parameterthenearlyconstantdynamicpressureat flutternotedin
reference1 wasindicated.As thisdensityprameterwasdecreasedto
valuestypicalofverylightwings,= abruptc~ge occurredint~
behaviorofthefluttercurves.Sincethewingstestedin:eference1
werenotsufficientlyightto lieinthiscriticalrange,andsince
some lightairplanes,or comwnentsofheatier“airpl=es~at lowalti-
tudesmayapproachthisrange,a furtherexperimentalinvestigation
seemed esirable.
,1
l l
Oneofthepurposesofthepresentpapr isto extendthee~ri-
mentalstudyoftheeffectsofdensityvariationsto lowvaluesofthe
relative-densityprameter.andthusto extendtheworkofreference1.
Furthermore,a widerassortmentofwings,givinga broaderangeof
structumlParametersyisstudiedthanwastreatedinreference1. This
assortmentofwingscoversa varietyof~sitionsoftheelasticsxis
andcenterof gravity,a rangeofvaluesoftheratioofbending
frequencytotorsionalfrequency,andmlues oft~ aspectratioofB)
6,andh. Theexperimentswereconductedindifferehtmixturesofair
andl?reon-12,whichresultedindensityvariationsequivalenttovaria-
tionsinaltitudefromsealeveltoapproximately40,000feet.Foreach
caseofexperimentalf utter,a theoreticalcalculationforthecorres-
~ndingconditionsat flutterwasundertaken.tithisworkus=wasmade
ofan analysisoftheRayleightypeinwhichtwo-dimensional,incompress-
ibleaerodynamiccoefficientswereemployed.b a fewselectedcases
correctionsforfinitespanhavebeenappliedby themethd ofreference3.
!I?heanalyticaltreatmentas givenhereinisnotcompleteandshouldbe
extentid,withprticularemphasisonthelowvaluesoftherelative-
densityp9rm”eterapproyiateto lightairplanes.
..—. —
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SYMBOLS
nondimensionaldistanceofelasticaxis
measuredinhalf-chords,positivefor
axisbehindmidchord
aspectratio
winghalf-chord,feet
wingchord,feet
bendingstiffnessofwing
frommidchord
positionsofelastic
structuraldampingcoefficientconsideredas variablein
solutionofflutterdeterminant
torsionalstiffnessofwing
massmomentof inertiaperunitlengthreferredtowing
elastic=is
semispinofwing,feet
aerodynamicwing-liftcoefficientdueto%endingoscillation
ofthewing
aerodynamicwing-momentcoefficientduetotorsionaloscilla-
tionsofthewing’aboutitsquarterchord
aerodynamicmomentcoefficientaboutwingquarter-chordpoint
duetobendingoscillationsofthewing
aerodynamicmomentcoefficientaboutwingquarter-chordpoint
dueto torsionaloscillationsofwingaboutitsqufarter
chord
massperunitlength
Machnumber
dynamicpressure,poundspersquarefoot
nondimensionalradius
‘is (Jz=)/
ofgyrationrelativeto elastic
.
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.
staticmomentpr unitlengthreferredtowingelasticaxis,
positiveforcenterofgravitybehindelasticaxis
flutterspeed,feetpsrsecond
nondimensionaldistanceof centerof gravityfromelastic
axismeasuredinhalf-chords,positiveforpositionsof
centerofgravitybehindelasticaxis
relative-densityprameter (fiph2/m)
densityoftestingmedium,slugspercubicfoot
..
angularfrequencyat flutter,radianspersecond I
angularfrequencyof firstuncoupledbendingmode,radians
persecond I
angularfrequencyof seconduncoupledbendingmode,radians {
persecond I
angularfrequencyoffirstuncoupledtorsionalmode,radians .
psrsecond
APPARATUSANDTESTS
Models
Sem&panmalelsofbalsaribandskinconstructionsupportedby a
singlesparwereusedinthisinvestigationandweredesignedto givea
lowwingdensity.Themdels wereslottedchordwiseinto2-inchsections
in otiertoavoidpossibleunknownchangesin stiffnessinherentin
complicatedgluedstructures.(Seefig.1.)
Threepositionsoftheelastic-s wereobtainedbyplacingthe
spar20,,30,and40percentofthechordbehindtheleadingedge.The
chordofallmodelswaskeptconstant(1ft.),whereasthesemispanwas
variedto provideaspectratiosof8, 6,and4. Thepropertiesofthe
modelsarepresentedintableI. Modelsaredesignatedby threenum-
bersseparatedby dashes:thefirsttwogive,respectively,theapproxi-
matelocationsoftheelasticsxisandofthecenterofgravityinper-
centchordfromtheleadingedge,andthethirds~cifiestheratioof
thewingsemispntothechord.Thefrequenciesgiveninthetableare
.
.
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._.——___ _.___
—
NACATN 2558 5
,.
.
uncoupledfrequenciesandwerecalculatedfromthemeasuredstiffness,
mass,andmomentofinertiaofthewing. Momentofinertiawasmeasured
by swinginga sectionofthewingas a torsionalpsndulumina @rtial
vacuumoftwoinchesofmercury.
I
Testinglkchniques
,
1,
I
I
Themodelsweremountedas cantileversintheLangley4.5-foot
flutterkesearchtunneldescribedinreference1. Thefluttertests
wereconductedwithdifferentmixturesofairandlEreon-12to provi@
variationsindensity.Theairspeedinthetunnelwasincreased
gradually&til flutterwasobserved.Theairswedwasthenreduced
immediatelyto preventdestructionf.themodel.At the@.nt offlutter
an oscillographrecordofthemodelfrequencieswastakenandthetunnel
temperature,tunnelpressure,anddynamicpressurewererecorded.Where
Freon-12wasemployed,the~rcentageof&reon-12inthetestingmedium
wasobtainedaftereachtest.
Whereverpossiblemodelsweretestedoverthefulldensityrange
ofthetunnel;thatis,at pressuresfrom30 tithesofmerc~ in
Freon-12to 4 inchesofmercuryinair. Thesepressurescorrespondto
a rangeofaltitudesfromsealevelto approximately40,000feetand
protidevaluesof lfi from1.2toabout14.
ANALYSIS
,
Inthetheoreticaldeterminationfthefluttercharacteristicsof
thecasesconsideredinthisinvestigation,applicationhasbeenmade
ofan analysisoftheRayleightyp?,basedonuncoupledmodesandtwo-
dimensionalincompressibleair-forcecoefficients.~ all-casesthe
firstthreeuncoupledmodesofthes~tem (namelyfirstbending,,first
torsional,andsecondbending)havebeenconsidered.Thedeterminantal
equationoftheflutterconditioninthesethreedegreesoffreedom,
derivedfromtheLagrangianequationsofequilibrium,aybe expressed
as (see,forexample,reference4, chapterlX):
‘4 -~:”1+Cll A12+ C12 %3 + C13
A21+ C21
‘=E - ~ri + C22 ~23+ c23
’31 + C31- ’32 + C32 A33~ - ~2fj + C33
.
= o (1)
. .. . ---- . . . . ... . . . . . . ----- ..—-- ------- .— -.-—- . -—. —... . . ... —--- .-- —-.
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wheretheA andC coefficientsareconstantscomputedfromtheinertial
propertiesofthesystem,theuncoupledmodes,~d theappropriate
aerodynamiccoefficients.Theyaregivenby:
k! =%
J‘A13= o
z
A22=
Jo
A23=
ro
A31=
1
‘
J
A32= o
!
A33= o
J‘ I 2= mfhl(x)f(X)ti=O cl’ = C’l=flp% b2afh1(x)f%(x)&o 0
[1m fh2(.)2dx
s f (X)fa(x)dx
a%
C13= YcpJ
zb3~fhl(x)fa(x)~
o
Jzb3~fh$x)fm(x)dXSaf (X)fa(x)ti% C31= Ycpo ,
‘afh2(x)fa(x)ti J’zb%%(x)fa(x)tiC32= lfp o
(2)
Thevalues~,, %0, and ~ inequation(1)are,respectively,
theangularfrequen~ieso;thefirstbending,secondbendhg,andfirst
torsionalmodesofvibration.The~rameter Q isa characteristic
valuegiven,intermsoftheflutterfrequencyu anda conce~ofthe
structuraldampingcoefficientg,by therelation
“$F+igl (3)
— -—— ———— -
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@ fUIICti.Oilsfhl(x)~
res~ctively,tonormlized
fh2(x)> and
displacements
fa(x)(equation(2))refer,
inthefirstbending,second,
ben&g, and-firsttorsionalmo-& ofvibrationofthewing. The
quntitiesa, J3,y,and 8 appearingintheC coefficientsare -
functionsofthereduced-frequency@rameter ~ andmaybewrittenin
termsofthetabulatedaerodynamiccoefficientsofreference5 as
follows:
a= Lh
Theflutter
isticvaluesof
vanish.
speedandfrequencyaredetermined
~ and u thatcausetheflutterb
RESULTSANDDISCUSSION
(4)
fromthecharacter-
determinant(1)to
As previouslypointedout,mostofthetheoreticalresultsdiscussed
hereinarebasedonanalysesinwhichtwo-dimensionalaerodynamic
coefficientswereemployed.Ihthecaseofwingsof lowaspectratio
thesecalculationsprobablyarenotphysicallysignificantbutwere
carriedoutto showthetrendsthatwouldbe indicatedby thetwo-
timensionalerodynamictheory:
Resultsoftheexperimentalndtheoreticalinvestigationsforeach
model,withsufficientdatato permitadditionalanalyticalinvestigations,
aregivenintablesIItoX. Iuthesetables,ifno theoreticalresults
aregiven,eitherno solutionexistedornonelaywithina practical
rangeofvaluesoftheparameterv/h .
Figures2 to 10 illustrate,primarily,someeffectsofvariation
indensityon fluttercharacteristicsforwingsofvariousaspectratio
andwithvariouspositionsofthecenterof gravityandelasticaxis.
Inthesefigurestheflutter-s~edcoefficientVA isplottedagainst
thedensityparameter1/!, where K
cylinderofthesurroundingfluidwith
. thewingtothemassofthewing,both
istheratioofthemss ofa
diameterequalto thechordof
takenforequallengthsalongthe
---- .— —- .——.——. —— -.-—---.- —.-— ——--
——
.
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sFezl.Theexperimentalresultsindicate,in general,thata decreasein
theparameterl/~ resultsh a decreaseintheflutter-s~edcoefficient.
Overmostoftherangeofvaluesofthep9rameterl/Ji_theflutter-
speedcoefficientisnearlyproportionalto theinverseofthesquare
rootofthedensity.M somecases,however,forvaluesof l/~ less
than2,a minimumvalueoftheexperimentallydetermined.flutter-speed
coefficientis indicated.anda slightincreaseh theflutter-speed
coefficientisnoted. (Seefigs.2 and3.) (Thetheoreticalcurves
basedontwomodalfunctionsin figure3 arediscussedindetailsubse-
quently.)Forthehighervaluesoftherelative~nsityprameter(1K
greaterthan3)theresultsoftheanalysisbasedontwo-dimensional
aerodynamicdatagenerallyfollowthetrendsindicatedby experimentbut
areconservative.Heara valueof l/~ slightlylessthan3,however,
theanalyticalconsiderationsemployedpredicta minimumvalueofthe
flutter-speedcoefficientafterwhichanabruptincreaseis indicated.
Experimentalpointswereobtatiedbelowthisminimumtheoreticalvalue
oftheflutter-s~edcoefficient.At stilllowervaluesof l/~ the
analyticalconsiderationsemployedshowedfreedomfromflutter.Further
analyticalinvestigationofthisregionthereforeappearsdesirable.
The@ta of figures2 to 10havebeenreplottedinfigure11to
illustratetheeffectofdecreasingthesemis~-chordratio.Eachof
thesefiguresisrelatedtowingsofconstantsectionpropertiesbut
tifferingin span.As statedpreviously,thecalculationsofthetheo-
reticalcurvesshowninthesefigureswerebasedontwo-dimensionalair-
forcecoefficientsand,althoughtheyprobablyarenotphysically
significantforthewingsofloweras~ct ratio,werecarriedoutto
showthetrendsthatwouldbe indicatedby thetwo~nsional aerodynamic
theory.Infigure11theresultsbasedonthetwo-dimensionalaerodynamic
theoryareseento fitinfairlywellwithexperimentaldataforthe
wingsofhighestaspectratioexceptat lowvaluesoftherelative-
density~ameter. GreaterdeviationsbetweenexperimentSUMIthetwo-
dimensionalerodynamictheoryareshown,huwever,astheaspectratio
is decreased.
lha fewselectedcasescorrectionsfortheeffectsoffinitespsn
wereaypliedby themethodofreference3 to a wingofaspectratio6
(model17-32-3).laorderto simplifytheanalyticalprocedureonly
twouncoupledmodes,namely,lineartorsionandparabolicbending,were
employed.A com~risonwiththeresultsoftwo~mensionalaerodynamic
theorywasprovidedby usingthesesametwomodalfunctionsinan
analysisbasedontwo~ensionalairforces.Theresultsofthese
calculationsareshowninfigure3. A comprisonoftheresultsindicates
thattheapplicationffinite-spncorrectionsprovidesgoodagreement
withexperimentforhighvaluesoftherelative-densityprameterbut
haslittle ffectintheregionof lowvaluesofthisparameterwhere
thetwo-dimensionalaerodynamictheorypredictsan abruptriseinthe
flutter-speedcoefficient.
2J
.
.
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Inconjunctionwiththequestionofa minimumvalueoftheflutter-
speedcoefficient’associatedwiththediscussionofthetheoretical
resultshowninfigures2 to 11,figure12 ispresented.to illustrate
theformoftheconventionalotofthedampingcoefficientg against
thewave-lengthprameter ?v bu forseveralpointsselectedfromthe
theoreticalcurveshowninfigure3. Theplotsarearrangedinorderof
decreasingvaluesoftheprameter 1~ Wheretistabilitywasindicated,
flutterconditionswereobtainedforthecase g = O. Notethat,as
l/~ isdecreased,a borderlineconditionbetweenstabilityandinsta-
bilityisapproached(fig.12(d)).Thiscondition,togetherwiththe
flutter-freeconditionindicatedforstillluwervaluesof lfi
(figs.12(e)and12(f)~ isconsistentwiththeexistenceofa minimum
valueoftheflutter-spedcoefficientshowninfigures2 to 11. Of
thethreecharacteristicvaluessatisfyingtheflutterdeterminantthe
onlyoneplottedinfigure12 isthatforwhichtheassociatedfrequency
approachedtheex~rimentallydeterminedflutterfrequency.Increasingly
negativevaluesof g withincreasingvaluesof v/?M werefoundfor
theothercharacteristicvaluesovertherangeof v/lxDconsidered..An
indicationthattheconsiderationofadditionaldegreesoffreedominthe
analysiswouldnothavealteredtheseresultsappreciablycanbe gained
fromthefactthatthedifferential-equationapproachofreference6.was
appliedtoa casesimilarto thatrepresentedby figure12(e)andno
solutionwasobtainedwithina reasonablerangeofvaluesof v/bin.
Figures13to 17showthedynamicpressureat flutterasa function
ofthewave-length~rameter v/ti. Thetheoreticalvaluesofdynamic
pressureshowninthefiguresarethosewhicharisefromthecalculations
basedon ticompressibleaerodynamicforces.Theexperimentalvalueshave
beenmodifiedby thecompressibilityfactorl/&_Y aswasdoneh
reference1,.topermitcom~risonwiththetheoreticalvalues.Thefig-
uresindicatethatthedynamicpressureat flutteremainsessentially
constantwithdecreasingwavelengthuntila lowcriticalvalueof v/bin
(generallynear2) isreached.At thispointa suddenriseindynamic
pressureoccurs.Examinationf figures13,14,and15,whichrelateto
wingsofequivalentsectionpropertiesbutdifferinginsemispn-chord
ratio,inticatesthatas thesemisp%n-chordratioisdecreased,thevalue
ofthewave-lengthprameteratwhichtheabruptriseindynamicpressure
occursisdecreasedandthespreadbetweenexperiment~d theanalytical.
resultsbasedontwo-dimensionalaerodynamictheoryis increased.
It shouldtinotedthatthet~ ofwingconstructionemployed
permitsthepossibilityofforeandaft(thatis,inthestreamdirection)
bendingenteringtheproblem.Theeffectsofforeandaftbendingwere,
however,notconsideredintheanalyticalwork.
.
.-. . . .. . .. . . . . . ... .. . . . . ..__ .. . ... . —-. . .+-- __ ._ .._
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CONCLUSIONS
An experimentalinvestigationhasbeenmadeofsomeeffectsof
variationsin severalparameters,includingfluiddensity,ontheflutter
characteristicsoflightuniformcantileverwings.Theassortmentof
wingscovereda varietyofpositionsoftheelasticaxisandcenterof
gravityandvaluesoftheaspectratioof8, 6,and4. Therelative-
densityparameterl/W wasvariedovera rangeofvaluesfrom1.2to
nearly14. Theexperimentalinvestigationhasbeensupplementedby an
analyticalinvestigationbased,formostcases,ontwo-dimensional
aerodynamictheoryforincompressibleflow. Correctionsforeffectsof
finites= havebeenmadeto selected&ta. Theresultspresented
supporthefollowingconclusions:
1.Thegeneralexperimentalndanalyticalinvestigationsconfirmed
theobseqationthat,forfairlyhighvaluesoftherelative-density
parameter(l/fi greaterthan3),theflutter-spedcoefficientdecreased
withdecreasingvaluesoftherelative-densityparameterandwasnearly
proportionaltotheinverseofthesquarerootoftheairdensity.
2.ForfairlyhighvsJuesoftherelative-density~rameter (l/&-
greaterthan3),theresultsoftheanalyaisbasedontwo-dimensional
aerodynamicdatagenerallyfollowedthetrendsindicatedby ex”&riment
butwereconservative.
3. Forlowervaluesoftherelative-density@rameter(1/~ less
than3),thetrendsofthetwo-dimensionalaerodynamictheoryindicated
a minimumvalueof,andanabruptrisein,thevalueoftheflutter-
speedcoefficient,whereas,experimentalpd.ntswereobtainedbelowthis
minimumtheoreticalvalue.A regionexists,then,wheretheanalytical
considerationsemployedindicateda freedomfromflutternotsupported
by experiment.Furtheranalyticalinvestigationofthisregionseems
desirable.
4. Theapplicationffinite-spncorrectionstoresultsforone
configurationimprovedtheagreementwithex~rimentforhighvaluesof
therelative-densityparameterbutshowedlittle ffectintheregionof
lowvaluesofthisprameterwherethetwo-dimensionalaerodynamictheory
predictedan abruptriseintheflutter-speedcoefficient.
5. he dynamicpressureat flutter,withexperimentalvalues ‘
modifiedby a compressibilitycorrection,wasingeneral,relatively
constantforvaluesofthe wave-lengthparameterv/lxmgreaterthan2
or 3.
@.ngleyAeronauticalLaboratory
NationalAdvisoryConmitteeforAeronautics
LangleyField,Vs.,September6, 1951
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TABLEI.-CHARACTERISTICSOF bEIOEL9
%2
Model a a+% ra2 (lb’HieZ)(lb%p)(ti2/=c)(raaiana/t3ec)(@iak/mc) (&5/ft)
17.32-4-Q.628-0.3580.336 15,400 180,600 75.7 481.7 136.0 0.0106
17.9.3 -,628..358 .33615,+00 180,603 134.5 65.9 181.6 .0106
17-32-2 -.628-.378 ,33615,400 180,600 302.5 1925.0 272.0 .0106
v-38.4 -.454-.242 ,258 25,720 264,000 &.4 5u.6 17’8,0 .01$5
27.38.3-.434..242 .25825,720 264,000 142.5 *.7 237.0 .0135
27.38-2 -.454-.242.25825,720 264,0m 321.4 204s.0 375.0 .0135
27-31.4-.454..374.25625,720 264,0m 70.4 448.0 155.0 .0167
3@12-k -.218 -.150 ,16222,200 236,000 96.1 61.2.o 232.0 .0132
39-4%3 -.218-..UO .16222,2Q0 236,000 170.6 1086.0 310.0 .0132
I
I
I
NACATN 2558
.
.
13
TABLEII.-EKE?ERIMENTALANDTECEQRETICALD TAFOR
MODELli’-32~
Air
?.36
3.01
3.25
3.75
$.62
j.32
5.19
7.05
3.42
1.20
1.33
L.k8
1.73
2.14
3.01
- . .——.-.
0.126 2.06
.151 2.47
.165 2.69
.182 2.96
.219 3.56
.242 3.93
.2’714.40
.306 4.95
.356 5.74
1.809
.813
.802
.798
l 799
.784
.768
.760
.754
10.222.208.210.222.26A 1.631.531.571.661.972.510.803.785.810.826.947.828
—.-.——- .-. — ———
2.54
3.04
3.36
3.71
4.46
5.02
5.74
6.52
7.62
2.03
l.%
1.94
2.01
2.08
3.03
-----—
20.1
22:6
=.6
19.7
22.7
17.5
16.3
16.1
15.5
lRreon-12
58.5
41.9
35.5
29.5
27.5
22.9
.—— -.-
2.26
2.34
2.50
2.63
3.21
3.47
4.18
4.51
5.46
1.8402.69
.8362.80
.8592.91
.8223.20
.8073.98
.7824.44
.7645.47
.8035.62
.7836.97
----
----
----
.-. .
2.31
2.37J------T---- -1------- --------- ----0.8402.75.8402.82
24.o
20.1
17.4
15.3
15.0
13.2
14.1
12.7
13.1
----
----
.-. =
J----36.019.2
..— -.——— .-. .— -—. .— —.. —– . .
14 NACATN2558
TABLEIII.-EX~ ANDTHEORETICALD TAFOR
MODEL17.32-3
Exyerimmt Theory ‘
+ M
q/~ - M2
~@% ~/% ~~~ (lb/sqft)~~a ~l~aVb (lb/~qft)
2.420.1551.92 0.9362.05 35.4 1.7’70.9641.84 29.6
2.96 .~842.28 .9392;42 33.4 1.92 .9602.00 23.3
3.40 .21.02.60 .9442.76 33.3 2.10 .9662.18 21.2
4.22 .2523.1.1 .9303.34 31.1 2.39 .9922.41 17.8
4.73 .2773.41 .9213.70 29.9 2.74 .9422.91 18.5
5.52 -.313.85 ;%; ;.$ 28.3 3.06 .9473.23 17.0
6.47 .1-101.36 2.45 3.55 .9223.85 16.7
7.63 .1441.78 .6982:56 3.06 3.97 .9064.38 15.0
llYeon-12
1.200.3111.66 09491.7’5 111.9‘ ---- -----...- -----
1.45 .2991.60 .9301.72 70.6 ---- --------- -----
1.68 .302~.63 .9591.70 & 3.22 1.00 3.22 202.6
2.sl .3301.80 .9481.90 1.81 .9631.88 40.8
2.46 .3581.99 .9522.09 39:0 .9621.84 28.9
2.78 .3922.19 .9482.31 37.4 ::E .9641.91 24.3
3.46-.4552.55 .9302.74 33.8 2.13 .9682.20 21.1
—
.
_— .- — . .——.
.—____ ——.—.—. .-— —. ._— .—.. —
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TABLEIv.-lm?ERImmTALANDTHEORETICALD TAFOR
MODEL17-32-2
15
.,
2.44
2.99
3.33
4.26
4.97
5.62
6.25
,7.15
8.55
9.54
.2121.75
.2522.09
.2852.35
.3512.89
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Experiment Theory ‘
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Figure l.- Plan and crosB-sectionalviem of a typical model (30-percent-
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Figure 2.- Variation of flutter-speed coefficient v~
density parameter l~fi for xmdel 17-32-4.
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Figure 3.-Variation of flutter-speed coefficient v/~ with the rel.ative-
denalty parameter l/fi formdel 17-32-3.
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Figure 5.-Variation of flutter-speedcoefficient vk with the relative-
density parameter l/@ for model 27-38-4.
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Figure 9.- Variation of flutter-speed coefficient v/% with the relatlve-
denaity parameter l/fi for mdel 39-42-4.
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Figure 10.- Variation Of flutter-aped coefficient v/~’ with the relative.
den.aityparameter l~fi for model 39-42-3..
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(a) Models 17-32-4,17-32-3,and 17-32-2.
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Figure 1.1.- Varlation of
density parameter
M
flutter-speed coefficient v~ w+th the relative-
llfi for models with various l~c ratios.
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Figure 12.- Plots of damping coefficient g against wave-length
parameter v/W from the analytical investigation of
mdel 1’7-32-3.
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Figure13.- Dynamic pressure at flutter plotted agairmt
paramtier v/lxo for rccxtely-32-k.
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Fi~e 16.- MC pressure at flutter plotted against wave-length
parameter v/ha for model 27-38-4.
i80
oAir
}
Expiment
13 Freou-12
60
— Theory
40 Cl
E )
u
@ (n
c) o 0 0 0
20— — — — — — — — = — — — — — — —
o 1 1
0 1 2 3 J% 5 6 7 8 9
Figure 17.- Dynamic pressure at flutter plotted against Wave-1ength
,parameter v/txm for nmdel 39-42-4.
